Aim To estimate the general and racial/ethnic specific cumulative probability of remission from nicotine alcohol cannabis or cocaine dependence, and to identify predictors of remission across substances. Design Data were collected from structured diagnostic interviews using the Alcohol Use Disorder and Associated Disabilities Interview Schedule-DSM-IV version. Setting The 2001-2002 National Epidemiological Survey of Alcohol and Related Conditions (NESARC) surveyed a nationally representative sample from US adults (n = 43 093) selected in a three-stage sampling design. Participants The subsamples of individuals with life-time DSM-IV diagnosis of dependence on nicotine (n = 6937), alcohol (n = 4781), cannabis (n = 530) and cocaine (n = 408). Measurements Cumulative probability estimates of dependence remission for the general population and across racial/ethnic groups. Hazard ratios for remission from dependence. Findings Life-time cumulative probability estimates of dependence remission were 83.7% for nicotine, 90.6% for alcohol, 97.2% for cannabis and 99.2% for cocaine. Half of the cases of nicotine, alcohol, cannabis and cocaine dependence remitted approximately 26, 14, 6 and 5 years after dependence onset, respectively. Males, Blacks and individuals with diagnosis of personality disorders and history of substance use comorbidity exhibited lower hazards of remission for at least two substances. Conclusions A significant proportion of individuals with dependence on nicotine, alcohol, cannabis or cocaine achieve remission at some point in their life-time, although the probability and time to remission varies by substance and racial/ethnic group. Several predictors of remission are shared by at least two substances, suggesting that the processes of remission overlap. The lower rates of remission of individuals with comorbid personality or substance use disorders highlight the need for providing coordinated psychiatric and substance abuse interventions.
INTRODUCTION
Substance dependence is associated with increased risk of physical and mental illness, disability, lost work productivity, financial problems, perpetrating and suffering violence, accidents and death [1] . In 2004, 0.5% of disability adjusted life years (DALY) and 0.2% of all deaths worldwide (approximately 91 million deaths) were attributed to substance use disorders (SUDs) [1] . However, a significant proportion of individuals with these disorders achieve remission at some point in their lives [2] [3] [4] [5] [6] [7] [8] . Therefore, recognizing the patterns and predictors of remission from substance dependence is essential for increasing our understanding of its natural history and developing timely prevention and treatment strategies.
Results from clinical and population-based studies have shown higher remission rates for dependence on cannabis [7] [8] [9] and alcohol [4, 5, 10] , followed by cocaine [2, 6, 11] and nicotine [3, 12] . These studies have also identified several factors associated with remission, including being female, older, White, married, with higher educational attainment, and a later onset of substance use [5, 7, 10, [13] [14] [15] . Despite this extensive body of research, important questions remain. To date, comparisons of remission rates across all racial/ethnic groups in the United States are not available, due to limited sample size for minority groups in most data sets [3, 5] . Scarce information exists regarding the commonality of remission predictors across substances. Few studies have examined the role of psychiatric comorbidity on the probability of remission, and even fewer have assessed timevarying predictors of remission [5, 14, 16, 17] .
The goal of this study was to advance knowledge in these areas. Specifically, we sought to: (i) estimate the time from onset of nicotine, alcohol, cannabis or cocaine dependence until remission of all dependence criteria (herein remission) for each substance; (ii) examine the cumulative probability of remission from dependence across racial/ethnic groups; and, (iii) identify predictors of remission across substances.
METHODS

Sample
The 2001-02 National Epidemiological Survey of Alcohol and Related Conditions (NESARC) surveyed a representative sample of the US population [18] . The target population was the civilian non-institutionalized population 18 years and older residing in households and group quarters (e.g. college quarters, group homes, boarding houses and non-transient hotels). The survey included residents of the continental United States, District of Columbia, Alaska and Hawaii. Face-to-face computer-assisted interviews were conducted among a multi-stage cluster sample of 43 093 respondents. The overall survey response rate was 81%. Blacks, Hispanics and adults aged 18-24 years were oversampled, with data adjusted for oversampling, household-and personlevel non-response [18] . This report examined data of the subsample of respondents with life-time history of dependence on nicotine (n = 6937), alcohol (n = 4781), cannabis (n = 530) or cocaine (n = 408).
Interviews were conducted by professional interviewers from the US Census Bureau. On average, the interviewers had 5 years of experience working on census and other health-related national surveys. Training was standardized under the direction of the National Institute on Alcohol Abuse and Alcoholism Alcohol (NIAAA). All procedures, including informed consent, received full ethical review and approval from the US Census Bureau and the US Office of Management and Budget.
MEASURES
Socio-demographics
Self-reported race/ethnicity was recoded into five groups: Whites, Blacks, Hispanics, Native Hawaiians or other Pacific Islanders (NH/PI) and American Indians or Alaskan Natives (AI/AN). Other socio-demographic variables included gender, age, nativity, level of education, individual income and marital status.
Substance dependence and remission
All diagnoses were made according to the DSM-IV criteria using the NIAAA Alcohol Use Disorder and Associated Disabilities Interview Schedule-DSM-IV version (AUDADIS) [19] , which allows measurement of substance use and mental disorders in large-scale surveys. Detailed information on survey methods is described elsewhere [18] . Dependence diagnoses require the existence of three or more of the seven DSM-IV diagnostic criteria within a 12-month period [20] . Age of dependence onset for each substance was defined as the age at which the respondent first met dependence diagnostic criteria for that particular substance.
The outcome variables remission and age at remission were determined by asking individuals with a life-time diagnosis of dependence: 'about how old were you when you finally stopped having any of these experiences (dependence criteria) with (name of drug)? By finally stopped, I mean they never started happening again.' Time to remission for each specific substance was defined as the time interval between age of dependence onset and age of remission.
Early substance use onset (defined as before age 14) and family history of SUDs (any alcohol or drug use disorder among first-degree relatives) were also included as substance use-related covariates. The good-to-excellent (k = 0.54-0.91) test-retest reliability and validity of AUDADIS-IV SUD diagnoses is well documented in clinical and general population samples [21] [22] [23] [24] .
Psychiatric disorders
Mood disorders included DSM-IV primary major depressive disorder (MDD), dysthymia and bipolar disorders. Anxiety disorders included DSM-IV primary panic disorder (with and without agoraphobia), social anxiety disorder, specific phobias and generalized anxiety disorder. Consistent with DSM-IV, 'primary' AUDADIS-IV diagnoses excluded disorders that are substance-induced or due to general medical conditions. Diagnoses of MDD ruled out bereavement [20] . AUDADIS-IV diagnostic methods and advantages over other survey interviews are described in detail elsewhere [19] . Personality disorders and conduct disorder diagnoses have been described in detail elsewhere [20] . Personality disorders included avoidant, dependent, obsessive-compulsive, paranoid, schizoid, histrionic and antisocial personality disorder. Personality disorder diagnoses require long-term patterns of social and occupational impairment [20] .
Test-retest reliabilities for AUDADIS-IV mood, anxiety and personality disorders diagnoses in the general population and clinical settings were fair to good (k = 0.40-0.77) [21, 23] . Convergent validity was good to excellent for all affective, anxiety and personality disorders diagnoses [25, 26] , and selected diagnoses showed good agreement (k = 0.64-0.68) with psychiatrist reappraisals [27] .
Analyses
Cumulative probability of remission, defined as the proportion of individuals who achieve remission by a specified time-point or interval [28] , was obtained for the general population and across racial/ethnic groups for the first year after substance dependence onset, a decade later, United States and life-time. The log-rank test was used to determine whether survival curves differed statistically across racial/ethnic groups. These projections were obtained by the standard actuarial method [29] as implemented in SAS (version 9.1.3) (SAS Institute, Cary, NC, USA).
Weighted frequencies and their respective 95% confidence intervals (95% CI) were computed. Univariate and multivariate discrete-time survival analyses (with person-year as the unit of analysis) [29] were implemented to assess the association between covariates and the probability of remission among individuals with diagnosis of life-time substance dependence. Associations are expressed as hazard ratios measuring relative risk. The person-year variable was defined as the number of years from dependence onset to the age of remission or age at interview (for censored cases). DSM-IV mood, anxiety and comorbid substance use disorders, level of education and marital status were included as time-varying covariates. Taylor series linearization methods implemented in SUDAAN (version 9.1) (Research Triangle Institute, Research Triangle Park, NC, USA) were used to estimate standard errors and significance and accommodate for complex survey design. Predictors reaching statistical significance at the 0.2 level in the univariate analyses were included in the multivariate model. Descriptive and discrete-time survival models were implemented using SUDAAN.
RESULTS
Characteristics of the study population
Socio-demographic and psychiatric and substance use-related characteristics of the study population are presented in Table 1 and Table 2 . Approximately 80% of individuals with dependence on nicotine and alcohol and almost all individuals with cannabis or cocaine dependence had a life-time diagnosis of another psychiatric disorder (Table 2 ). About one-third of individuals with nicotine or alcohol dependence and almost two-thirds of those with cannabis or cocaine dependence had a lifetime diagnosis of a mood, anxiety or personality disorder. Approximately two-thirds of individuals with dependence on any of the substances assessed had a family history of substance use. Rates of early substance use onset were highest among individuals with dependence on nicotine, followed by cannabis, alcohol and cocaine.
Cumulative life-time probability of substance dependence remission
The cumulative probability estimates of dependence remission within the first year of dependence onset were 3.0% for nicotine and alcohol, 4.7% for cannabis and 8.6% for cocaine. The cumulative probability of remission a decade after onset of dependence was 18.4% for nicotine, 37.4% for alcohol, 66.2% for cannabis and 75.8% for cocaine. Life-time cumulative probability estimates of dependence remission were 83.7% for nicotine, 90.6% for alcohol, 97.2% for cannabis and 99.2% for cocaine. Half the cases of nicotine, alcohol, cannabis and cocaine dependence remitted approximately 26, 14, 6 and 5 years after dependence onset, respectively ( Fig. 1) .
Variations in the probability and time to remission for each specific substance by racial/ethnic group are presented in Figs. 2 to 5.
Nicotine dependence remission by racial/ethnic group
Among individuals with nicotine dependence, 81.6% of Whites, 89.7% of Blacks, 61.9% of Hispanics, 57.7% of NH/PI and 38.9% of AI/AN remitted at some time in their life-time (log-rank test = 23.7, P < 0.01). Half of nicotine dependence remissions occurred approximately 24 years after onset of dependence among Whites, 35 years among Blacks, 16 years among Hispanics, 8 years among NH/PI and 13 years among AI/AN (Fig. 2 ).
Alcohol dependence remission by racial/ethnic group
Among individuals with alcohol dependence, 91.5% of Whites, 86.4% of Blacks, 86.6% of Hispanics, 68.5% of NH/PI and 85.9% of AI/AN remitted at some time in their life-time (log-rank test = 1.9, P = 0.8). Half of (Fig. 5) .
Predictors of remission
In univariate and multivariate discrete-time survival models several socio-demographic, psychopathological and substance use-related variables (Tables 3 and 4) predicted dependence remission for most of the substances assessed.
Socio-demographic predictors
Males were less likely than females to remit from dependence on all the substances assessed (Table 4) . Individuals in the youngest age group (18-29 years) were less likely to remit from alcohol dependence and more likely to remit from cannabis dependence or cocaine dependence than individuals in the oldest age group (Ն45 years). Unadjusted and adjusted models indicated that Blacks with nicotine dependence or cocaine dependence were less likely to remit than Whites with dependence on those substances. Each additional year of education attained increased the probability of nicotine dependence remission by 10% in the adjusted model. Individuals with nicotine dependence who reported an income lower than $20 000 were less likely to remit than individuals with incomes of $70 000 or more. Individuals with nicotine dependence who were divorced, separated, widowed or who stopped living with someone were less likely to remit than those married or living with someone. 
Psychopathological predictors and drug use-related predictors
Having a previous diagnosis of a conduct disorder increased the probability of remission from cannabis dependence and cocaine dependence, and decreased the probability of remission from alcohol dependence in the univariate models (Table 3 ). However, after controlling for the effect of other covariates this association remained significant only for cannabis dependence (Table 4) . A diagnosis of a personality disorder decreased the probability of remission from alcohol or cannabis dependence in the adjusted models (Table 4) . No association was observed between mood and anxiety disorders and dependence remission for any of the substances assessed. According to the adjusted models (Table 4) , a diagnosis of nicotine dependence increased the likelihood of remission from cocaine dependence. A previous diagnosis of alcohol dependence decreased the probability of remission from nicotine or cannabis dependence. A past diagnosis of cannabis dependence predicted decreased likelihood of remission from cocaine dependence. Individuals with a past diagnosis of cocaine dependence were less likely to remit from alcohol or cannabis dependence.
DISCUSSION
In a large, nationally representative sample of US adults, we found that: (i) the vast majority of individuals with life-time dependence on nicotine, alcohol, cannabis or cocaine would remit at some point in their lives; (ii) remission from cannabis or cocaine dependence occurred faster than remission from nicotine or alcohol dependence; (iii) significant racial/ethnic differences were observed in the cumulative probability of remission from nicotine dependence and cocaine dependence; and (iv) several socio-demographic, psychopathological and drug use-related predictors of remission were shared by at least two substances.
Cumulative probability estimates of remission were high for all the substances assessed; however, these estimates should be interpreted with caution given the irregular course of addictions punctuated by remissions and relapses. Social factors, such as the progressive adoption of adult roles and responsibilities [30] and increased contact with environments in which substance dependence has lower acceptability may exert a powerful influence on the likelihood of experiencing remission. Age-related decreases in impulsivity and other neurodevelopmental changes [31] , increased self-efficacy to abstain, and awareness of the health-related, social and judicial [32] [33] [34] consequences of substance use are also probable contributors of remission.
More than two-thirds of remissions from cannabis and cocaine dependence occurred within the first decade after onset of dependence, whereas only one-fifth of remissions from nicotine dependence and one-third of remissions from alcohol dependence occurred within that period. The differences in the rate of remission across substances may be explained, at least in part, by the speed at which physical, psychological and social adverse consequences manifest after the onset of dependence. For instance, the risk of early cardiovascular adverse consequences is much higher among individuals with cocaine dependence than among those with nicotine or alcohol dependence [33] . The behavioral disturbances resulting from cannabis or cocaine dependence and their illegal status impose stronger social pressures to remit [15] . The high availability of alcohol and nicotine environmental cues for their consumption may also contribute to explain the difficulty of stopping the use of these substances [35] . Particularly for nicotine, the immediate perceived benefits from its use, including anxiety and stress reduction, improved performance on a variety of cognitive tasks and decreased food consumption and metabolism [35] , may initially outweigh the potential perceived harms produced by its chronic use.
Contrasting with results from the National Comorbidity Survey [3] , a lower rate of remission from nicotine dependence was observed in Blacks. Compared with White smokers, Black smokers start smoking later in life, have lower daily nicotine consumption, tend to smoke cigarettes with longer rod length and higher tar and nicotine content (i.e. menthols), and have slower clearance of cotinine and higher intake of nicotine per cigarette [36, 37] . Furthermore, the reduced access of Blacks and Hispanics to tobacco preventive services [38] , as well as the intensive targeting of these minority groups by tobacco companies [39] , could also help to explain the observed racial/ethnic differences in the probability of nicotine dependence remission. Consistent with previous studies [40] , we also found that Blacks with a life-time diagnosis of cocaine dependence report lower rates of remission than their White counterparts. Psychosocial factors that commonly affect Black populations, including discrimination and lower levels of social capital, have been recognized as established barriers to dependence remission and triggers to use or relapse [41] . Furthermore, an array of genetic factors appear to increase the vulnerability to develop cocaine dependence among Blacks [42] .
Men were less likely than women to remit from dependence on all the substances assessed. Women tend to experience worse physical, mental and social consequences of substance use than males [43] , which may lead to an increased motivation to stop using drugs and help to explain women's higher rates of remission. Feelings of guilt and concerns regarding the effects of using substances during pregnancy and child-rearing can lead to decreased drug use among women [44] . Gender differ-ences in the neural response to cue-induced craving and stress [45] , as well as in the activity of the lateral and medial regions of the orbitofrontal cortex (OFC), which modulates impulsivity and decision making [46] , can also help to explain the different course of cocaine dependence among males and females.
Substance use comorbidity and a diagnosis of a personality disorder predicted remission across most substances assessed. Individuals with a diagnosis of a personality disorder had a lower probability of remission from alcohol or cannabis dependence. Converging evidence supports the commonalities between personality disorders and SUDs [47] . For instance, there are high rates of comorbidity between personality disorders with high impulsivity traits (e.g. borderline personality disorder) and SUD. Individuals with personality disorders characterized by high levels of stress reactivity, neuroticism and anxiety sensitivity may engage in sustained substance use to relieve their feelings. Novelty-seeking, reward-seeking, extraversion and gregariousness can also motivate drug use experimentation and sustained drug intake [47] . Associations between polymorphisms at candidate genes and personality dimensions correlated with the liability to SUD have also been documented [48] . A temporal relation in this association has been noted, with personality disorders anteceding the onset of SUD [47] . The chronic course of personality disorders [49] may increase the risk for relapse and interfere with psychological and social factors that help motivate remission [47] . The lack of association between past diagnosis of mood and anxiety disorders and dependence remission observed in this study has been previously described [50] .
Dependence upon one substance tended to decrease the probability of remission from dependence on another substance. Chronic substance users may have difficulty overcoming the effect of drug-associated environmental cues and associative learning related to their drugseeking behavior [51, 52] . Vulnerability to relapse and drug use maintenance have been also associated with the development of molecular adaptations resulting from chronic drug use, including the elevation of the GluR1 glutamate receptor subunit in the ventral tegmental area, alterations in the content and function of proteins such as tyrosine hydroxylase, dopamine transporters, RGS9-2 and D2 autoreceptors and the D1-receptor-mediated stimulation of DFosB, a transcriptional regulator that modulates the synthesis of certain alpha-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid (AMPA) glutamate receptor subunits and cell-signaling enzymes [53, 54] . The existence of shared molecular pathways as well as the potential of certain drugs of abuse to induce cross-tolerance and cross-sensitization to one another can also contribute to the lower probability of remission among individuals with dependence upon other drugs [55] . Genetic studies also suggest a significant overlap across substances in the genetic liability to dependence. For example, nicotine and alcohol dependence may share more than 60% of their genetic vulnerabilities and alleles of several genes have been associated with alcohol, nicotine and polysubstance dependence [56] . The existence of comorbid SUDs poses a therapeutic challenge for clinicians, given the mixed evidence supporting sequential treatment over simultaneous treatment [57] . The findings of this study also emphasize the need to understand common mechanisms underlying the rewarding effects of drugs and the sequential neuropharmacological adaptations once an addiction has developed [54] .
This study has the limitations common to most largescale mental health surveys. First, self-report of substance use and psychiatric disorders are prone to social desirability bias leading to under-report of substance use and SUD and over-report of remission. Secondly, diagnoses of SUD, individual SUD criteria endorsement, or age of remission reported may be subject to recall bias (the longer the time interval between the event and assessment, the higher the probability of incorrect recalls) and to cognitive impairment resulting from the use of drugs. Thirdly, institutionalized individuals or those who experienced fatal or severe consequences due to their SUD may have not been sampled, leading to overestimation of the cumulative probability of remission. Fourthly, lack of a uniform operational definition of dependence remission across population-based studies limits our ability to compare our results with estimates from previous reports [3] [4] [5] 8, 17] . Fifthly, lack of information on the number and duration of dependence remission episodes experienced over the individual's lifetime limits our understanding of the role of these factors on dependence remission and relapse. Finally, factors that may help explain the racial/ethnic differences, such as socio-economic status could not be included in the models as a time-dependent covariate since the NESARC, as most large-scale surveys, does not include information on changes in income over time.
Despite these limitations, the current study expands the knowledge gained from previous investigations. The results of this study indicate that the majority of individuals with nicotine, alcohol, cannabis and cocaine dependence achieve remission at some point in their lives, although the probability and time to remission vary by drug and racial/ethnic group. Despite a lack of common predictors of remission across all four substances, several of these predictors were shared by at least two substances, suggesting that the processes of remission overlap, but are not identical. The lower rates of remission among individuals with comorbid personality disorders or dependence on other drugs identified in this study highlight the need to recognize biological and social mechanisms that interfere with recovery from substance dependence, strengthen preventive efforts, particularly among vulnerable population subgroups, and provide coordinated psychiatric and substance abuse interventions.
Declarations of interest
None.
